Previously, we reported that the substrate shape recognition of the Escherichia coli ribonuclease (RNase) P ribozyme depends on the concentration of magnesium ion in vitro. We additionally examined the Bacillus subtilis RNase P ribozyme and found that the B. subtilis enzyme also required high magnesium ion, above 10 mM, for cleavage of a hairpin substrate. The results of kinetic studies showed that the metal ion concentration aŠected both the catalysis and the a‹nity of the ribozymes toward a hairpin RNA substrate.
Ribonucelase (RNase) P is a ubiquitous transfer RNA (tRNA)-processing enzyme that produces mature tRNA molecules by cleaving the tRNA precursor at the 5?-end. [1] [2] [3] The bacterial RNase P is a ribonucleoprotein enzyme, and the RNA component alone can perform the RNase P activity as a ribozyme in the presence of magnesium ion in vitro.
2-7) At present, two bacterial ribozymes from Escherichia coli and Bacillus subtilis have been actively studied. The bacterial P ribozymes accept and cleave hairpin RNAs with CCA-3? tag sequences as well as the tRNA precursor as a substrate. Recently, we found that the E. coli ribozyme requires higher, above 10 mM, magnesium ion concentration to cleave a hairpin shape substrate, while 2.5 mM magnesium ion is enough for the cleavage of a canonical cloverleaf pre-tRNA substrate. 8) Our previous reports also showed that the B. subtilis RNase P ribozyme requires a higher magnesium ion concentration for cleavage of a hairpin substrate. [9] [10] [11] [12] [13] [14] [15] [16] [17] Fang et al. reported that the B. subtilis ribozyme requires a diŠerent concentration of magnesium ion for the active conformation from the E. coli ribozyme. 18) In this paper, we analyzed the magnesium ion concentration dependence of the hairpin substrate recognition by the B. subtilis ribozyme, and compared it with that by the E. coli ribozyme.
The substrates used in this study are shown in Fig. 1 . One substrate is derived from pre-tRNA being forced to form a hairpin by hybridizing the antisense internal guide DNA to a tRNA (Fig. 1A, middle) . The guide DNA-denatured pre-tRNA was used as a control for the comparison of the metal concentration dependence on the ribozyme activity. [14] [15] [16] The other substrate is an artiˆcial hairpin RNA (Fig. 1A , right ). 8) The results of the B. subtilis RNase P ribozyme reactions are summarized in Fig. 1B . The substrates were labeled at the 3?-end with [5?-32 P]pCp and T4 RNA ligase as described for the methods described previously.
8) The RNase P reaction was done at various concentrations of magnesium ion at pH 8.0, 379 C for one hour (50 mM Tris-HCl, 100 mM NH 4 Cl, 5z [w W v] polyethylene glycol, 0.78 mM Bacillus RNase P ribozyme, 60.3 nM human pre-tRNA Tyr or 25 nM hairpin RNA, and 0 or 5 mM of guide DNA). The products were developed on 20z PAGE containing 8 M urea, and were analyzed as described previously.
8) The cloverleaf RNA cleavage was observed at above 2.5 mM magnesium ion concentration, while, the hairpin RNA cleavage was observed at above 10 mM (Fig. 1B, left ) . The results of the artiˆcial hairpin showed the same tendency with respect to the magnesium ion concentration (Fig. 1B,  right ) : the B. subtilis ribozyme required 10 mM magnesium ion concentration or more. These data suggested that the dependence of the magnesium ion concentration of the B. subtilis ribozyme was same with the E. coli ribozyme.
Then, we measured the kinetic parameters for the cleavage reaction of the hairpin substrate by the E. coli and B. subtilis ribozymes, and compared them under the same conditions. The hairpin RNA derived from the accepter-stem and the T-arm regions of the pre-tRNA
Val was prepared and labeled at the 3?-end with [5?-32 P]pCp and T4 RNA ligase as described according to the methods described previously.
17) The measurements were done at pH 8.0, 379 C, under the usual conditions (50 mM Tris-HCl, 100 mM NH4Cl, (A) Human pre-tRNA Tyr was used as a substrate. This tRNA contains self-complementary regions U 39 -G 46 and U 66 -A 73 (indicated as boxes), which contribute to the conformational change of this RNA in the presence of high concentrations of magnesium ion. In the presence of an antisense guide DNA hybridizable to the region U 4 -A 38 , the conformation of this pre-tRNA is supposed to change to a hairpin shape (right ). The newly formed hairpin will be internally cleaved by the enzyme as shown in the case of the E. coli ribozyme. 8, 12, 13) (B) The RNase P reaction of pre-tRNA Tyr in the absence and presence of the guide DNA at various concentrations of magnesium ion. The pre-tRNA and the Bacillus RNase P ribozyme were prepared as described previously.
11) The guide DNA was purchased from Funakoshi Corp. in the speciˆc order of the nucleotide sequence.`Pre',`mat', and`hyp' on the left side of the photos represent the tRNA precursor, the mature tRNA, and the internally cleaved product, respectively.`-guide DNA',`＋guide DNA',`OH-',`T1', and Cntr' above the photos represent in the presence and absence of guide DNA, alkaline hydrolyzed size marker, nuclease T1 hydrolyzed size marker, and the control reaction products in the absence of the enzyme at 40 mM magnesium ion, respectively. The internal cleavage site location was done according to Gross et al. 19) 5z [w W v] polyethylene glycol, 0.50 mM E. coli or B. subtilis RNase P ribozyme, 0-256 nM hairpin RNA, and 10, 20, or 40 mM MgCl 2 ). The products were developed on 20z PAGE containing 8 M urea, and were analyzed as described previously.
8) The kinetic parameters were found according to the standard Michaelis-Menten equation.
13) The parameters are shown in Table 1 . At 10 mM magnesium ion concentration, the parameters were not measured because of larger KM values. At 20 and 40 mM, the parameters were measured. In the case of the E. coli ribozyme, the concentration of magnesium ion slightly aŠected the KM values, while for the concentration of magnesium ion aŠected this ribozyme to increase the catalysis. In the case of the B. subtilis enzyme, the dependence of magnesium ion concentration demonstrated a similar tendency with that of the E. coli ribozyme. Apparently, higher concentration of metal ion seems to improve the cleavage reaction. The details were supposed to be as follows: (i ) the cleavage step of the catalysis reaction of a hairpin substrate is surely increased by the metal ion, but (ii ) the a‹nity toward the hairpin substrate varies with the concentration of the metal ion. The diŠerence of the metal ion concentration dependence between the kcat and KM values suggests that there certain metal binding sites within the substrate binding site, not in the catalytic center, that take part in substrate acceptance.
Our studies will lead to an explanation of the mechanism how the RNase P recognizes its target. 
